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TO ABSORB ENVIRONMENTAL FORMALDEHYDE 



in 



(57) Abstract: A transformant plant having a formaldehyde metabolic pathway via the Calvin cycle is obtained by transferring a 
hexulose-6-phosphate synthase gene and a 6-phosphohexulose isomerase gene into a plant and expressing them in the chloroplast. 
This transformant plant has a tolerance to formaldehyde and makes it possible to significantly decrease environmental formaldehyde. 
Therefore, it is expected that this plant contributes to environmental purification when located in a house, an office, etc. 
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^a»^^^tbfc^W*:^f^Mb/cli^;aSfR^$tl.-CV^S (Plant Physiol. 2003) o 
FALDH ^iliilJ|§^l.^^fc*W*i-*5V^T^*^^/I-.^r/^7^'t Y(D^^7h^ 
iimM^f\.fz.1fi. FALDH OB?i.a^^ST^•^^c:|^ti^#:^-dBV^-C{i*/^^T/V^^t 

^^^^^ bT^tWe^ -57« y — /^S'^W4S(^#^^^^^b:^^■CV^<5o 
6-* :^ /J^-^^;^ a — ^ y 7« ^ — -^11 y ^ 7 wv^ft'f W4® J-:^ § c^^^cfc 



^fl\-cm^X. 7« i?^ 7^/1^ 3ft 'fl^lM^^^^cCV Burkholderia 
capacia TMl 7 7 — /l^!ft^bttffi**<^±IBit^^(^^i^^#A bTji^lJ^ 
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Miomi^. ^i-x-r\^:i6\/^x, ^t2^/^'*^^-*5^t 

tt^ PHI M4^^i~:^'^:7-t?fe§o 

m.^(Dm<D±'^i^mtir§ew^^^^'Mxh^, 

mi 5|21«. rmpAiti5^}0S|§mUTV^§^ife^iS (A-1). rmpB jtls^^^^^mbT 
V^5Wi^mfS (B-1). ^tLb<^)^*IS (A-lXB-1) ^T^/VJ>,r M KW 



^ 0j ^ ^jfe -r^tL^(D^A(DiB-m 

^^><.n— ;:=?.-6-y (Hexulose-phosphate 
synthase:^T HPS tl^^-t^) at^^RI^^ 6-:?i^;^4^-^^:^ ;^-f y ^ € 
(Phosphohexuloisomerase : 

-5 C ^ Ufco 
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— ><.-5-y^^ (Ru5P) EPSlZ.^oXmM^th^W^RJt-i^^^^^^'^T/l^'r 

tK (HCHO) tl^^l^. 3—^^:^u^:^-6-]}>'^-^^^^i-^o ^LTifc^U/c 

3-^^^X=i^y^-6-]) ^m-iPEl (Di^m\^X.^X'7 ;V-i7 P?.-6-y (Fru6P) 



(D\\mw^^i}V\^xm\:.-^^^o 

fi:^m 1 {c*3V^-C RuBP ft y y :x^^s FBP \t.y;v-!7 V — >^ 

-1. y Xu5P f:i ^ n—^ -5- y V^^^-f-o rmpA HPS ^ 

=1— K-rSit'fe^-efc "9 . rmpB PHI ^ Ki-^iftS^-^^fe K) . :Lf\.h(Dm.^ 
^^-^tf =3 h ^ -^m^ bfco JitBO rmpA <^ rmpB jtis^^^tp =i 

HPS (T^a-e^^ PHI (Djtfe^;OS#A^tb§ ^ tci i «9 ^tbb(^^*^iiPJfS?l. 



6o HPS t PHI ^^m^-fr'5^:iiiiJ;^9. ^f-^ ^/i^cD^S&^ifTb-C^/i^ 
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ATyVT't Kic^^bTiij-tt^^bfco HPS t PHI o 
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fe-g) (accession No. : AB034913)o 



0' 



y'^>^^m^'^mmts: tic hps (Dm.i^^ t phi (Dstis^^^AI-S t 



So 



3^;^ b^. PHI (Djti5-^-^Bm^-ii:SfcJ6(^ DNA 3^/;=^ h^«^ 

-rSo ^^/^i^S DNA 3 h ^ hfi. HPS Ki-^ati^^Xf* PHI K 



(-K^gLTV^S;^&/l^t^'>'IHI^^flJfflbfc^O-efcSC0■T:\ HPS ^ PHI ^MMi^ic 
V ^ , TIB -e-jg^ b ^ ^ ^^Btta^K^ ^ :^ ^ ^ 
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PEG fe. Jil/i^ 1/— 3 y<—T-(^/^:^^'^W:t^t^<DM^(DM^^^^ 

EHA101pMP90 ^^V^TV^-S^S^ i^sgicij^; CTffi^ (^it{K-?-^A;^fe^3il:>^V^'5 

(^^5af*r^< fi^cCV^;^|S, Cltl/?3.<D=i^^ f^i^ ^^^:^fA$tl/"CV^6>^c^•^— iJ^- 
AUTV^-5;J|S^ 'ftll(D#< HPS Ki-^itls^^ PHI ^=1— Ki"^ 

{f^zLtt^x^^ip^. ^^h\<im'&-^fi^h(Dx\~^f^^^o -^fcm^Wi t x^xvt. 

f-^^^ ^ir-Y^. 'f^a^J'. iT^^iJ'^^^s :3.y/=35-, :^;^-7^V£^^^tf 
^^X^^-A^s ^f\.h\z.m'&-^f\^^-h(OX\-i.fi:\i\ 
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bTf*. TIB(D^»^!j-eff oTV^S J: 5 {-s HPS Ki-^it-fe-^i: phi 

m:tity< ^ J — /i^S^fbtW^^ K n Tir h ^-iXi/^J^ — If (DBAS) 'BiX^^y t: 
/VAT/l^T^'t K^=^iXP— ;^ 5-y ^-^figl^bTv^t: Kn^^^^Tirb:/ S-y^^ 

ly^—^ (DASl) ^=tw- Kn^^s-v-r-fe — -if^=t— K 

i-5mfH^ (DAKl) (Dia^-^^biir^^ffii-S^ttiPltMT^feSo ±|aicl*3V^■Cx& 

afiXT-fe: b^^^ife^U Kn=3rv^Tir h^dr-:h-if (DHAK) 

Kof^it^m^cDsl^^j ^tt. HPS K-f ^A-fe^.^ PHI 
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mmm 

v'a^p<■^X-^^C^oV^T HPS t PHI ^mW.^^^tc^(^^^ ^ — t\^X. HPS 
K-r^st'^^ (rmpA) ^ PHI ^ = — Ki" ^ il^^ (rmpB) ^-^tfDNA^i^ 
:^ b 7 h ^{-^^ bfCo iti^ bfc 2 DNA =i V;:^ b 7 h (^tftot^Hl 2 (d^-f-o 
T'^*?, ^:tt?3<^DNA =i>';^ hi^. HPS ^ PHI K-f^Jt'fe^t^fliltcl, 

HPS PHI ^|g?^#:ti:*3V^-C^m$^^§:^cfeo hv'^i^iy b-^7°^Kis ?f^Sfe 

r X\ rmpA st-fs^^-^tf HPS ^m>ffi (D^^l^J^hy^ ht. rmpB stjK-?'^'^!:? 
PHI ^OTfZ^rn^-;^ b^j^Mi-S^ci?)<D^ h7-7"v^— ^Il!3 ^|l|4t^^-ro 

■=t<D rrapA st^K"^^ rmpB jtis^ti-^-f ^^-^^-T^ y r> AM<^P< / — /l^jft'fbtt^-^^ 
fe^ Mycobacterium gastri MB19 ©IH— ^T-^n ^-p^l^Ljiff LTV^^o ^c^joJ^Mf^ 

K rmpA i rmpB it^^ =t — ^ o T ^ Jf^Kl5^ffi 

PGR {^li ^ rmpA stiK^^ti^gb (rmpA sense GCTTGCAAGGGGTAACCATGACG : iB^IJ 
#-^1. rmpA ant i sense: TCTAGAGGATCAGGCGATCGC : ia^lJ#-^2)^ SphI t BamHI 
Ki:oX PGR t pUG-Rbcs-3G ^^Wt UfCo bfc 624bp (D rmpA M^"^ t 

4.6kb (O^i^^ Sff>lt&¥ii U> m^^^—^^ rmpA st^^ ^ r^-a* U . 
pUG-RbcS-rmpA 7°^;=^ 5: K^f^^bfCo Hindlll ^ BamHI (c: J;oT pUG-RbcS-rmpA 
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— pPZP221 ^M'fbb. 2. 4kb (7) pRbcS-rmpA ^ l^-^— V t lOkb 
co^iJ^iJ^w^^ KpPZP211 ^^glL. •^ti.6)^*S'a'^-li:TpPZP221rmpA7"^:^^ 

^ce*5 h ^ ^-v'^y b^^^ KOSa^lJi: UT'teffi UfcitiS;^-}* accession No: X05986 
298-468 "Cfc 9 ^ rmpA jtf5^<^iH^'J ^ \^X^^ Ufc^^ft accession 
No: AB034913 <D1&^^-^ 2518-2150 Tfe^o ^©^i^^;^ h^i^ V(D'^'7^ -^—^ 

^ 7t PGR J; D rmpB atfs^ ^^^^ b (rmpB sense GCTTGCAAGGGGTAACCATGACG : 
iB^lJ#^ 3 , rmpB antisense: TCTAGATCCGGGTCACTCGAG : gB^lJ#-^4 ) . SphI t Xbal 

J: o T PGR :^fi5oi^ ^ pUC-Rbcs-3G ^-gOilf bfCo bfc 600bp rmpB itis^ ^ 
4. 6kb rmpB A^^tr^-a-b. pUG-RbcS- 

rmpBT'^^^: K^i^MbfdoHindlll i Xbal icl j; o T pUG-RbcS-rmpB t^^^-^V 
■ — </7 iJ!'— pPZP221 ^ll^it b.2. 4kb (7) pRbcS-rmpB 4 b lOkb (D^i^ ^ — 

-^^^KpPZP221 tf^glb. ^;^Lb^^'^^-^TpPZP221rmpB:/7:^5: K^j^^b 

^'cCife b ^ ^^Z^iy KcOiB^lJi bT^^ bfctl5^{* accession No: X05986 

298-468 -efe D . rmpB ^gfe^cDMB^iJi l^Xi^M bfc^P^f* accession 
No: AB034913 1845-2456 "efe^o h 7 hC0:/7-Y^— > 

b ^ :/v^iy b^::/^ K\ rmpB Jt-fe^COiB^'J^* ^ J!t)fct>(Z)^|ll 6 \z^-t^ 

^X-^^Jl^Sfem bfco xxn ^ ^ -^X^ rmpA "e^l^KSsife b/c=^ 
JtZ-JfrnU^i^^ rmpA ^*i;i^Abfc:*-^-^-r ^^^^ftttt- j; (9 il&b. Ml-s rmpB 
XmM^U bfcmt-?F0«^^f*^ rmpB t *(cl^A bf::<f ^iJ' -^-f iX^Bttid 

il&i--5 ^ i: J: ^9 . rmpA rmpB <DM#Oit^^;6S^A$ttfc?f^K|g^#:^ 
mm b i^Co ^ V ^ Jc: , n ^ -^X-^ rmpB xmW^^ b Jc:ff^®fe^#: ^ 
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\<1X^. rmpA t rmpB (OM#<^=^>'^ h^i^ b ;^S2^A$;rtfc3#®^^#;^7lfeb 

;^^jb^r (Z) j; 5 brf^^bfcv'n-r p<•^X■:J-(D?F^K^^ffii^(coV^T^ RT-PCR 
^yif^:f§f|if(c:j; !9m'e^;as^A$tL-CV^;5^^M^^^To:rco ^o'^^. rmpAat 

^ rmpB ^-^ts- 3 b 9 ^ h ^^ti^X^. I^^cDst'g-^-^S 

^A$tb:^c?l^Wls^#l:as#btl.TV^6^i>0S|&$tbfCo Mi- HPS (ci>5j~r5fcT: 
bfc t CI '5> rmpA it{5^ic:S5l5 bfd HPS tbfco 
;ittb(7)3ft'fe-?- (rmpA. rmpB) ^mAl^fcMM.^Wl&''^t=il^hv—/l-U^i^ 

^Dtt-s^K/v-AT/v^^t KiS'tt^s mmw-(DmmmMi^x'o^m\^f^ (1217)0 fei^ 

^-frfCo ^yVAT/Vy^'t K (37%) ^100 inlfcfc<9 50 jul^^nUfd* 

4-5 MW^W^-^/-#t-if]Pfi*^^iy:febfCo |ll7iC*5V^-C_h^ 

80 Ml&l-^c*^Jtiftic*3tt5l^;^^s -?:tL-?:tt^-ro ^fcllI7}^:*5V^T ABl 

AB5 rmpA l&^^t rmpB 3t{s^^©iW#;as#A$tbfcff^Klsmfiti^^^ CKl 
/i^tj CK5 b /Vft#i^^-t"o 

3 V h Pt — (CK1-CK5) ^ M^^(^a'(S^^^^A$tL:fc?T^K^i^#:P(ABl-AB5) 

(AB1-AB5) f*^<i^WL-fc;aS. =ii/hn— /V (CK1-CK5) -CttiiW^^ 
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HPS t PHI (Dmm^^^ 3o°c'x:^^^m^m^\^t^o M^m^ia-tv 5-V 



^ HPS ^ PHI .fcs^^S^&^^b-r^/vAT/v-T^^ii Kl-'6fe 



#6^(il^^-r § NADPH ^ 340 nm "tr^^ttJ-r^ ^1 i J; (9 . ^^IStt^^lJ^ bfco fiP 

mM) 50 Ml ^^iBbTTfa<D^*Si^?^^t4'"e^PS,KJS^^tto/Co 
1 ml (Di3.}^i~X&.T(Dm ^ -TffcSo 



KPB (:^ y A y ^^miS®?^) , pH7. 5 
MgCla 

Ri5P ( y 5 y i^m 

HCHO (/j^/l/i^T/^7^'t: K) 

NADP* 

pRi (/}^^/1^y Tj^vy;^^— 

PGI (/J^;5^,2j^^Jf/^=I^ 7— if) 



PHi(6-7}N;^^^^;^n^;^-i' y^^ •7—^) 



50 mM 
2. 5 mM 
2. 5 mM 
2. 5 mM 
2. 5 mM 
10 U/ml 
10 U/ml 



GDH (i^VVs— ^/J^^:7zn— h^^t Kci^^""^— ) 10 U/ml 
HPS (3-^=3f-;;?,t3— ^-6-^X7 h^J^M^ ) 10 U/ml ( 



tttiJ^) 0. 05 ml) 



10 U/ml (liti^llfi 
ffim^ 0. 05 ml) 



dHoO 



0. 55 ml 



t£ PHI V. PHI (D^m^Stt^^iJ^-t-^I^J-«:^--ir:/-7^-f ^yi!7t^ HPS 
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:i(DXoi<::. l.Xm& Ufd HPS m&t PHI ^tt^Hl 8 (d^i" (m 8 ;fe : HPS 

;& : PHI }St4)o 8 (D±lzm^xm^'^'\±<7)r (DBM^^-To 111 8 (z: 

^btl/^ ct rmpAit^H^^ rmpB ^t^5^<7^j^;^;^5^A^tLTV^§ ABl t AB2 

(c::JoV^-C(iM#(^^^iStt^5^ttl$tl.fCo ^fc rmpA m^WMA-^f\^X\^^ Al 
tz:*5VM:}i HPS iSttO^^S^ rmpB jtis^^^^^A^ttTV^^ A2 iC*5V^Tf* PHI |g 

^>^^^P?-:^X■:^C7)1^ (^g-i^ 20 iif*) (370 ml) (D^JjCl^U ^V^T^-T 

Vi^^^mPiidSi-^^-e 3-4 Mr^^W^-^yto -^(^m 50 Ml (D^jvj^rjvf\i K 

(37%) ^ SOO/z 1 (D-^-Y ^ xi^=^^y^Z.WM\^XmmB<D^\^M^^f^o Z-4.mm 
Jf^Kte^#:-efcS ABl (;fe#J) ^ AB2 (ff'rfe). H =^ >- b ^/l- (HPS Ojt^ 

^i: PHI (Dm.^'^^^'^^i:^^'&(D^'!7 ^—X'n^'MM^\^tMMiW) Xh^ CK (:^ 
fi, ABl AB2 lcov^Tf*4 ppm ©i^TrfcofCo — b /V;f^^^^^cov^-C 

{i20ppmi^;l±t?fef9. ABl ^ AB2 ^c:*5V^T^i^^'^'<D:iJ^/^i^T/^x t K^S^JjX^ 
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m^i^ 0. 3 g ^ 10 ml <D:^/VJ>.T/}^'f\i K^t-gf-Sb. 30 mm^i^t^M'^(^^/^ 

bT?i^®^m bfciJ^ /-^ =1 ^j^m bfco PCR. y ifVj^Wi- J; ^9 ^f^^^T-^ t 

^<Z)#ii;5sm^ $ tL/co ^i:?!^ ^-i^i^i j; tQ #A $ iTbfcit'fe^tc J: ^ S S 

^(Dm^mtm- U ^ ^ 5 ^ rmpA 5ft{K^ J- S 5i5 LT HPS ® 6 L T V ^ ^ r 

itMbfc?f^Kfe^^^-^=i^i^ic*5tt6 HPS h PHI ©^^^g'tt^Hi 

(Ji : HPS T : PHI HI 1 1 i^.^fetiS J: 5 rmpA stiS^ir rmpB 

it'fK^;^^!^:?^ ^ hM?^^tlX\^^ AB2, AB5> AB6 i^^^V^T^ HPS t PHI CO[^^(D 

mmB'mmH^^tifco -^tcm-^M m ^a^hn— /v (ck) td^svN-cf* hps 

t PHI <Z)^^li^'|-4(^{g;;i0^ofco 

ic:#fltbT*g^^ft$^^fc„ 2Mra=^(-100 All (^^/VAT/Vt"^!:: K (37%) ^ 
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mmm (370 ml) (D^KAnx^n^i^imw^^^tco 2 ^^m^^^^-<^^:^-^ 

(Dm^t l^=mjc:ziN/VAT/i-7='t K^{U^^K»U^^©4 H#fHmi-^&iJ^^»it 

AB5 bn— /I^-efe-S CK (^*5tt 

«f^||l^(^3^^/^AT7^^'t KiSSfiABS }^oVN-C«3 ppm^-efco fCo 

bfco 4MPMil^^^WUfc^^-^^^»^b^ci (01 3)0 mi 3^;I*^v^-C_h^ 

^15^^ (AB7,AB8) ^;I*3V^T^*^3^/^AT/Vx t (Hi 3 : -h^<^'t':*r 

m) \^x^mmi-mi^hn-r. ^mmm (Hi 3 tmt)^^j:A^^ t^o 

—:)fs ffl^^M (WT) ^3:xbn— /V (CK) \zL^\i^x\±-^;i-J>>T;v'f\iY^m.\z.i:. 

K). w^Mmt(D)tm^^^^xmhi)^\^^M^^t)m^hfhtt. (hi 3 : t^<d 
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Kmt-rmm^mi i^tL (014)0 ^(D^^m. mmMm-m (abs) (^*5v^T« 

2 nl(D-^s;VJ>.r;Vy'^\i K (37%) mmmh}£^(DmM:\^Bm^ir. 10 ixKD^ 
;VJ^TjVf\i K (37%) ^m.\^^^^XhW^(D^mm^^^M:L (HI 1 4 : ±^), 
— hn— /l^rt^) (CK) (^:*5V^T^i> 2 nl (D:ii^;VJ>.'r;V'f\i K (37%) ^ 

Wtz-x,^. m(Dmm-m^'h^z.nm-^f\^ti (mi 4 :t^)o 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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361 atggttgcac ccttcactgg actcaagtcc accgcttctt tccctgtttc aaggaagcaa 
4 21 aaccttgaca ttacctccat tgctagcaac gg-tggaagag tcagttgc 

rmpAite^'SB^J . (accession: AB034913) ^^g 
2521 aagctccaag tcgccatcga cctgctgtcc accgaagccg ccctcgagct ggccggcaag 

2581 gttgccgagt acgtcgacat catcgaactg ggcacccccc tgatcgaggc cgagggcctg 
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MASSVMSSAAV7lTRGNGAQASblVAPFTGIJKSa?ASFFV MKLQVAI D 

LLSTEAALELAGKVAE YVDI I ELGT PLI Ey=^GLS VI TAVKKAH PDKI VFADMKTMDAGELEADI AFKAGADL 
VTVLGSADDSTIAGAVKAAQAHNKGVWDLIGIEDKATRAQEVTIALGAKFV^ 
AGEKARVPFSVAGGVKVATI PAVQKAGAEVAVAGGAI YGAADPAAAAKELRAAI A 
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FIG. 6 
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MASSVMSSAAVATRGNGAQASMVAPFTGLKSTASFPVSRKQWLDITSIASNGGRV^TQAAEM 
WGDDITNNLSLVRDEVADTAAKVDPEQVAVIARQIVQPGRVBVAGAGRSGLVLRMAAMR^^ 
VAGDTTT PAI SAGDLLLVASGSGTTSGWKSAETAKKAGARI AAFTTNPDSPLAGLADAWI I PAAQKT 
DHGSH I SRQYAGSLFEQVLFWTEAVFQSLWDHTEVEAEELWTRHANLE 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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FIG. 15 
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SEQUENCE LISTING 

<110> Kyoto University 

<120> A method to provide formaldehyde resistance to a plant and a method to have 

a plant absorb environmental formaldehyde 

<130> 267 

<160> 4 

<210> 1 

<211> 23 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 1 

gcttgcaagg ggtaaccatg acg 23 

<210> 2 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 

<400> 2 ^ 

tctagaggat caggcgatcg c 21 

<210> 3 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

-<223> Description of Artificial Sequence: primer 
<400> 3 

gcttgcaagg ggtaaccatg acg 23 

<210> 4 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 4 

tctagatccg ggtcactcga g 21 
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